INTRODUCTION
Rac1) (1, 3, 51, 53) . In neutrophils, the cytosolic subunits translocate to the membrane and associate with cytochrome b 558 , resulting in rapid activation of the NADPH oxidase (2, 3, 31) . Activation of NADPH oxidase through phosphorylation of the cytosolic subunit of p47 phox and membrane subunit p22 phox by PKC has been reported (14, 28, 31, 33, 43). Further, increased expression of NADPH oxidase subunits is sufficient to upregulate its enzymatic activity (28, 36).
Nonphagocytic cells generally lack gp91 phox but express the homologue subunit
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4 Nox. Nox4, also referred to as Renox, is expressed predominantly in kidney epithelium and recently reported to be expressed also by mesangial cells (16, 17) . Mesangial cells express p22 phox and p47 phox and the activity of these subunits in high glucose has been implicated in contributing to the oxidative stress associated with the pathogenesis of diabetic nephropathy (13, 30, 33, 35, 62 ).
We have demonstrated previously that transfection of primary cultured rat mesangial cells with antisense oligodeoxynucleotides (ODNs) against the NADPH oxidase p47 phox subunit prevents production of ROS and reverses PKCdependent depressed Ca 2+ signaling in response to high glucose (24). However, the molecular mechanisms underlying high glucose-enhanced NADPH oxidase activity, in particular the regulation of NADPH oxidase subunit expression, have not been fully explored. Further, the potential link between ROS generation and enhanced mesangial cell collagen IV expression in response to high glucose has not been reported.
The present study investigated the mechanisms whereby high glucose causes sustained activation of mesangial cell NADPH oxidase and the relationship between ROS generation and collagen IV production. We postulated that increased expression of the key regulatory NADPH oxidase subunits, p22 phox , p47 phox and/or Nox4, occurs early during exposure to high glucose, and that this response is dependent on diacylglycerol (DAG)-sensitive PKC isozymes.
As we have reported previously that mesangial cells express PKC-, -, -,-and
- (23, 35, 57) . In this study, we focused particularly on the role of the nM Tempol, a superoxide dismutase mimetic ( 7, 8, 10, 15, 55) .
To obtain total cell lysate, mesangial cells grown on 10 cm plates were lysed in boiling 2 X sample buffer (0.130 M tris-base, 20% glycerol, 4% SDS). The cells were then disrupted by passage through a 26-gauge needle and centrifuged 15,000 x g for 5 minutes and the supernatant was collected as total cell lysate.
Western immunoblotting. Protein concentration in total cell lysate was determined using a modified Lowry microassay (Bio-Rad, Hercules, CA). Protein (30 µg) was loaded on to 10 -15% SDS-PAGE gels, and blotting was performed with specific primary and secondary antibodies as previously reported (24 agarose gel to verify the size. 1 (IV) collagen levels were expressed relative to the levels in 5.6 mM glucose-treated cells. C t was determined by subtracting the mean C t (threshold cycle) value derived from -actin, which was not affected by the treatments, from the 1 (IV) collagen C t . C t was obtained by subtracting the mean C t of the 5.6 mM glucose-treated cells from the C t of each sample.
Relative expression was then calculated using the equation, 2 -Ct (42).
Transfection of antisense oligonucleotides against p22 phox and p47 phox .
Mesangial cells were grown to 70 -80% confluence and transiently transfected with phosphorothioate oligodeoxynucleotides (ODNs) against p22 phox and p47 Figure 3A , RT-PCR revealed an increase in the transcription of p22 phox between 1 and 3h, and in p47 phox between 3 and 6h in high glucose, using 18S rRNA as a control in each sample. Exposure to 5.6 mM D-glucose + 24.4 mM L-glucose for 48h had no effect on the levels of p22 phox and p47 phox mRNA (Fig. 3B ).
To determine whether increased expression of NADPH oxidase subunits was dependent on DAG-sensitive PKC isozymes, mesangial cells in 5.6 mM or 25 mM D-glucose were stimulated with 100 nM PMA for 24h. p22 phox and p47 phox mRNA levels increased during this treatment in normal glucose to a level similar to that observed in high glucose. PMA stimulated a small further increase in p22 phox and p47 phox mRNA in high glucose (Fig. 4A) . The protein expression of p22 phox and p47 phox , but not that of Nox4, was also enhanced during stimulation with PMA in both normal and high glucose ( caused a decrease in intensity of DCF by 50% in normal glucose and by 90% in high glucose (P < 0.001 antisense vs. control or scrambled) (Fig. 6A) . Similarly, the intensity of DCF was reduced by 10% in normal glucose and 80% in high glucose following transfection with antisense ODNs against p47 phox (P < 0.001 antisense vs. control or scrambled) (Fig. 6A) . Treatment of the mesangial cells with antioxidants, Tiron or Tempol, also prevented the increase in ROS during exposure to 25 mM D-glucose over 48h (Fig. 6B) . Table 1 , indicating increase mitochondrial ROS production in high glucose.
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DISCUSSION
In this study, we examined the relationship between high glucose-induced mesangial cell production of collagen IV and PKC-dependent ROS generation. Decreased degradation via inhibition of mesangial cell matrix metalloproteinase (MMP) also contributes to accumulation of collagen IV contributing to diabetic glomerulosclerosis. Accumulation of collagen IV protein in mesangial cells exposed to high glucose is, in part, due to decreased degradation which was not addressed in this study. ROS generation by mesangial cell NADPH oxidase is reported to increase the expression of thetissue inhibitor of matrix metalloproteinase (TIMP-1) (see Fig.10 ) that consequently inhibits collagen degradation (44, 61).
By contrast to mesangial cells, endothelial cells exposed to high glucose generate ROS through mechanisms involving mitochondria (6, 9, 45, 59, 60). In an attempt to determine whether mesangial cell mitochondrial function may be
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21 altered in high glucose, we co-labeled mesangial cell mitochondria with MTG and RSR to identify their location and change in redox status, respectively. The semiquantitative analysis of these fluorescent markers using dual-channel confocal imaging revealed no change in the ratio of the 2 markers during high glucose exposure or following transfection with antisense ODNs against p22 phox ( Figure   9A , Table 1 per group). * P < 0.05 vs. NG. ** P < 0.01 vs. NG. # P < 0.001 vs. NG. Representative immunoblots demonstrating in total cell lysates following NG or HG (24h) with or without 1µM CalC or 300 nM Gö6976 for 24h. 18S rRNA was used as the internal control for mRNA and -actin was used as a loading control for protein. The graphs show NADPH oxidase subunits mRNA (ratio of 18S rRNA) or protein levels relative to NG (n=3-5 per group). * P < 0.05 vs. HG. ** P < 0.01 vs. NG. *** P < 0.001 vs. NG. # P < 0.001 vs. HG. Mesangial cells were cultured in NG (48h) or HG (last 24h) and treated with 300 nM Gö6976 for 48h (n=6). * P < 0.01 vs. NG. ** P < 0.01 vs HG. 
